Electrophilic substitution. reactions of indoles: Part XVIII - Further investigation on the synthesis of benzazepinone skeleton by Banerji, (Mrs) Julie et al.
Indian .Tournal of Chernistrv
VoL36B, September 1997, pp,761 - 76-1
Electrophilic substitution. reactions of indoles: Part XVIII - Further investi-
gation on the synthesis of benzazepinone skeleton
(Mrs) Julie Banerji", (Mrs) Munmun Sahaa,
(Mrs) Sanchayita Kanrar" & P Mukherjee?
a Department of Chemistry
University College of Science and Technology, 92. Acharya Prafulla Chandra Road
Calcutta 700 009, India
b Kanailal Vidyamandir (English Section), Chandemagare
Received 4 September 1996; accepted (revised) 26 December 1996
An interesting synthesis of2,3,4,5, 10, II-hexahydro-I O-methyl- 11-(3' -methylindol-2' -yl)dibenz [bJ]azepin-
I-one 4b has been achieved by the reaction of 3- methyl indole (skatole) with cycIohexane-I,3-dione in the
presence of BF3.Et20. The major product in this reaction is a new skatole trimer which is accompanied by the
I: I condensation product. With 2-methylindole, under similar conditions, only the I: I product is obtained. The
structures of the products have been settled on the basis oftheir UV, IR, IH and 13CNMR spectral studies and
MS analysis.
A novel method1,2 for the synthesis of the benzazepi-
none skeleton 4a was developed by the electrophilic
substitution of indole la with cycIohexane-1 ,3-dione
2 in the presence of BF3.Et20. We now report our
investigations with 3-methylindole (skatole) Ib and
2- methyl indole Ic with the same electrophile using
the Lewis acid, BF3.Et20, in methylene chloride
under nitrogen atmosphere (Chart 1).
3-Methylindole Ib reacted with 2 affording 3:1,
2: 1 and 1:1 condensation products resulting in the
synthesis of a new skatole trimer 3; the benzazepi-
none skeleton, 2,3,4,5,10, l l-hexahydro-I 0- methyl-
II-(3/-methylindol-2/- yl)dibenz [bJ] azepin-l-one
4b and 3-(3'- methylindol-2' -yl)cycIohex-2-en-l-
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However, with 2-methylindole le and 2 product 6b
could be isolated in 80% yield.
The structures of 3, 4b, 5 and 6b were settled on
the basis of their detailed spectral analyses.
Compound 3, C33H33N30, ~ 487, m.p.158° (d)
showed UV absorption maxima at 294,224 and 202
nm in EtOH (log E 4.54, 4.72 and 4.58, respectively)
and at 294, 222 and 203 nm in EtOH + 50% HCI04
(loge 4.42, 4.45 and 4.51, respectively). The 300
MHz 1HNMR spectrum of 3 in d6- acetone revealed
the presence of three >NH protone as broad singlets
at 8 10.47, 10.11 and 7.53. Two methyl groups ap-
peared as three-proton singlets at 82.5 and 2.1
whereas the third methyl appeared as a three-proton
doublet at 81.22 (J = 6.6 Hz) indicating that the third
skatole ring had undergone ring opening. Two ali-
phatic methines were discernible at 04.99 (d, J = 11.7
Hz) and 4.35 (m). The former singnal was assigned
to the methine at C-I'" connected to two intact ska-
tole moieties while the latter signal was due to cou-
pling of the C-2'" methine with both the methine at
04.99 and methyl at 1.22. One olefinic' proton ap-
peared at 85.20(s). Two multiplets in the regions
81.95- 2.05 (4H) and 2.36-2.42 (2H) were assigned
to three sets of methylene protons. Two signals due
to aromatic protons appeared at 87.43 (I H, d, J = 7.3
Hz) and 7.74 (lH, d,J= 7.6 Hz) while other aromatic
protons resonated in the regions 87.28- 7.19 (4H, m),
7.11 (lH, t, J= 7.8 Hz) and 7.04-6.62 (5H, m). On
the basis of these lH NMR signals the structure of the
3: I product was assigned as 3 which received further
support from its 75.5 MHz 13CNMR spectral analy-
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sis in d6-DMSO including APT experiment (Figure
I).
Compound 4b, C24H24N20, ~ 356 mp. 242-45°
(d) (benzene-ethy I acetate, 4: I), showed UV absorp-
tion maxima at 326, 295, 229 and 202 in nm EtOH
(log E 4.38, 4.09, 4.56 and 4.50 respectively), which
shifted to 332,257,228 and 202 nm in EtOH + 50%
perchloric acid (log E 4.37, 3.91, 4.30 and 4.36,
respectively). The molecular ion (~) peak at m/z
356 revealed the dimeric nature of the compound.
The 300 MHz lHNMR spectrum of 4b in d6-DMSO
revealed the presence of two >NH protons at 9.64 (s)
and 8.92 (s). A three-proton singlet at 82.06 was
assigned to the methyl group attached to C-3 of the
skatole ring while the three-proton doublet (J =6.9
Hz) at 1.04 indicated the presence of a secondary
methyl. One aliphatic methine appeared as a doublet
at O4.94(J = 5.2 Hz). The two-proton multiplets at
82.80-2.70 and 2.03-2.00 and a triplet at 2.27 (2H, J
= 6.3 Hz) were assigned to three pairs of methylene
protons.
The eight aromatic protons resonated in the region
87.19-6.58 [87.19(IH,d,J=8.1 Hz), 7.08-7.02 (2H,
m), 6.93 (IH, t, J= 6.9 Hz), 6.82- 6.72 (3H, m) and
6.58 (I H, t, J = 7.2 Hz)]. On the basis of these
1 .
HNMR spectral data the structure of the product
could be established as 2,3,4,5, 10, l l-hexahydro-I 0-
methyl-I 1- (3- methylindol-2-yl)dibenz[bJ] azepin-
l-one 4b. The structure received further support from
its 75.5 MHz 13CNMR spectral analysis including
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The structures of 5 and 6b were also settled on the
basis of their IH, 13CNMR (cf. Figure I) and mass
spectral analyses.
The formation of compounds 3 and 4b have been
rationalised .in Scheme I. Both the compounds were
formed via the generation of skatole dimer 7 in situ
under acidic conditions. The indoline system thus
generated then underwent facile cleavage of the
>N 1-C2 bond followed by reaction with one molecule
of cyclohexane-I ,3-dione. The postulated intermedi-
ate 9 reacted with a third molecule of skatole result-
ing in 3 in 45% yield while ring closure between C-2"
and C-2 affording the benzazepinone system 4b in
20% yield.
Experimental Section
General Melting points were determined in an elec-
trically heated chamber and are uncorrected. UV
spectra (in 95% aldehyde free ethanol) were recorded
on a Hitachi U-2000 spectro photometer; IR spectra
in KBr on a Perkin-Elmer 782 spectrophotometer; 1H
and J3C NMR spectra on a Bruker AM-300L spec-
trometer, and mass spectra on a Jeol-D-3QO spec-
trometer.
Column chromatographic analysis was carried out
using basic grade alumina standardized according to
Brockmann (BDH, column, product No. 21265).
TLC analysis was earned out using 60 G neutral
alumina (Type-E).
The spots were detected with iodine vapour. Ana-
lytical samples were routinely dried in vacuo over
P20S for 24 hr. Anhydrous sodium sulphate was used
for drying the organic extracts.
Reaction of3-methylindole with cyclohexane-l,3-
dione. To a solution of skatole (1.31 g) in methylene
chloride (40 mL), was added a solution of cyclohex-
ane-l , 3-dione (0.5 g) in methylene chloride (15 mL).
The reaction mixture was cooled to O°C and boron
trifluoride etherate (0.5 mL) added to it dropwise.
The reaction was carried out under nitrogen atmos-
phere and the mixture stirred for 24 hr at 27°e. It was
decomposed over ice-chips, extracted with
methylene chloride (3 x 50 mL), washed with 2%
sodium bicarbonate solution (3 x 50 mL) and finally
washed with water until the reaction mixture became
alkali free. The organic layer was dried and then
concentrated. The concentrate was chrornato-
graphed over basic grade alumina using solvents of
increasing polarity as eluates.
Compound 5: It was obtained from the earlier frac-
tions of benzene ethyl acetate (4:1) eluates (RfO.62
in ethyl acetate), yield 30%, m.p. 178° (bright yellow
needles from benzene--ethyl acetate, 4: 1) UV
(EtOH): 365,260 and 215 nm (log E 4.37, 3.94 and
Scheme I
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4.32, respectively); UV(EtOH + 50% HCI04) : 261
and 206 nm (log £ 3.70 and 4.22, respectively); IR
(KBr) : 3310, 1645, 1570 and 740 em"; 'H NMR
(300 MHz, d6-DMSO, 8): 11.13 (lH, s), 7.53 (1H, d,
J-8.0Hz), 7.31 (IH,d,J=8.0Hz), 7.13 (1H,t,J=
7.2 Hz), 6.97 (IH, t, J= 7.2 Hz), 6.28 (1H, s), 2.81
(2H, t, J = 5.31 Hz), 2.39 (3H, s), 2.34 (2H, t, J:;: 6.5
Hz) and 2.02-1.98 (2H, m); l3C NMR (75.5 MHz,
d6-DMSO, 8): 199.2 (C-I), 153.2 (C-3), 137.2 (C-
7a), 132.2 (C-2'), 129.6 (C- 3'a), 124.2 (C-2), 123.7
(C-5'), I 19.8 (C-4'), I 19.7 (C-6'), I 14.2(C-3'), 111.9
(C-7'), 37.3 (C-6), 28.1 (C-4), 22.7 (C-5), 11.4 (-
CH3); MS: mlz 225 (~, base peak), 210 (13.3%)
(Found: C, 79.2; H, 6.0 and N, 5.8. CIsHIsNO re-
quires C, 80.0, H, 6.7 and N, 6.2%).
Compound (4b): The later fractions of the ben-
zene-ethyl acetate (4:1) eluate afforded 4b in 20%
yield (Rf0.48 in ethyl acetate) m.p. 242-45°( d) (white
crystals from benzene-ethyl acetate, 4: I); UV
(EtOH) : 326,295,229 and 202 nm (log £ 4.38, 4.09,
4.56 and 4.50, respectively); UV (EtOH + 50%
HCI04): 332,257,228 and 202 nm (log £ 4.37, 3.91,
4.30 and 4.36, respectively); IR (KBr) : 3360, 3300,
3220,1610,1580,1525',1490, 750 and 735 em" ;MS
: rn/z 356 (38%), 225 (82%), 129 (base peak)(Found:
C, 79.9; H, 5.9; N, 7.1. C24H24N20 requires C, 80.9,
H, 6.7 and N, 7.8%).
Compound (3). It was obtained from the later frac-
tions of benzene ethyl acetate (I: I) and ethyl acetate
eluates in 40% yield (Rf 0.25 in ethyl acetate), m.p.
158° (d) UV (EtOH): 294, 224 and 202 nm .(Iog £
4.54,4.72 and 4.58, respectively); UV (EtOH + 50%
HCI04): 294, 222 and 203 nm (log £ 4.42, 4.45 and
4.51, respectively); IR (KBr): 3360, 3305, 3240,
1590, 1550,1500, 1450, 1430,730and720cm-I;MS:
m/z 487 (14%), 273 (base peak), 257 (45%) and 214
(17%) (Found: C, 81.0; H, 6.6; N, 8.3. C33H33N30 References
rerquires C, 81.3; H, 6.8; N, 8.6%).
Reaction of2-rnethylindole with cyclohexane-l,3-
dione. To a solution of2-methylindole (1.31 g) in dry
methylene chloride (30 mL) and cyclohexane-l, 3- 2 Banerji J, SahaM.KanrarS& MukherjeeP.indianJChem
dione (0.56 mg) in dry methylene chloride (20 mL), 34B.1995. 1095.
BF3.Et20 (I mL) was added dropwise with constant
stirring under nitrogen atmosphere. Stiring was con-
tinued for 12 hr. The reaction mixture was then
decomposed over ice-chips, extracted with
methylene chloride (3 x 50 mL), washed with 2%
sodium bicarbonate solution ( 3 x 50 mL) and finally
washed with water. It was dried over anhydrous
sodium sulphate and concentrated.
Compound (6b )..The concentrate afforded 6b as a
green solid in 80% yield. Crystallisation from ben-
zene-ethyl acetate (1: I) afforded green crystals of
6b (Rf 0.60 in ethyl acetate), m.p. 170° (d); UV
(EtOH): 360,280 and 224 (log £ 4.23, 3.92 and 4.34,
respectively); UV (EtOH + 50% HCI04): 301, 272,
246 and 213 nm (log £ 3.94, 4.01, 3.79 and 4.23,
respectively); IR (KBr): 3180, 1625, 1610, 1450 and
740 ern"; 'HNMR (300 MHz, d6-DMSO, 8): 11.54
(lH,s), 7.58(IH,d,J=7.5 Hz), 7.30(IH,d,J=7.3
Hz), 7.07-6.69 (2H, rn), 6.02 (I H, s), 2.81 (2H, t, J=
5.2 Hz), 2.46 (3H, s), 2.34 (2H, t, J = 6.2 Hz) and
2.01-1.97 (2H, rn); l3C NMR (75.5 MHz, d6-DMSO,
8): 198.0 (C-l), 158.2 (C-3), 136.7 (C-7'a), 135.6
(C-2'), 126.4 (C-3'a), 123.4 (C-2), 121.3 (C- 5').
120.2 (C-4'), 119.4 (C- 6'), 111.7 (C-3'), 111.3 (C-
7'),37.2 (C-6), 30.2 (C-4), 23.3 (C-5), 14.2 (- CH3);
MS .rn/z 225 (base peak), 211 (10.5%) and 210
(23.9%)(Found: C, 79.6; H, 6.1, N, 6.0%. C,sH'5NO
requires C, 80.0; H. 6.7 and N, 6.2%).
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